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(71) We, THE DOW CHEMICAL 
, COMPANY, a Corporation organised and ex- 
isting under tlie Laws of the State of Dela- 
ware, United States of America, of Midland, 

5 County of Midland, State of Michigan, United 
States of America, do hereby declare the in- 
vention, for which we pray liat a patent may 
be granted to us, and the method by which it 
is to be performed, to be particularly described 

10 in and by tlie following statement: — 

The invention relates to a method and 
apparatus for farming hollow metal articles 
and the articles formed. 

It is well known that the production of hol- 

15 low extrusions having symmetrical and asym- 
metrical coniiguration by means of dies vari- 
ously referred to as spider, porthole, weeder- 
hale, or bridge dies, often results in defective 
welds, low elongation and low strength pro- 

20 perries in the weld zone, as a result of coarse 
grain structure or other undesirable metallur- 
gical characteristics in or about the weld zone. 
These defects especially occur when alloys are 
^^nided that for strengdi reasons are compo- 

25 sitioris containing total alloying addition 
greater than about 2 p^ cent by weight of the 
base metal. These defects could be avoided if 
one could extrude these articles from hollow 
billets which can be done with simple sym- 

30 metrical shapes. Unfortunately, differently 
shaped pieces are frequently required and a 
porthole or feederhole die must be used and 
a solid billet extruded therethrough. For other 
reasons as weU, round, rectangular or square 

35 shaped articles often must also be extruded 
through porthole dies. In such dies the metal 
streams passing through the portholes or 
feederholes rejoin within the die and become 
part of the different elements of the hollow 

40 articles and each confluence of the streams of 
metal becomes a longitudinally extended weld 
in the extruded article. Such welds extend 
transversely through the wall of the article and 
are especially visible on polishing and appro- 

45 priately etching an end of the extruded article, 
e.g., etching with aqueous caustic solution. 

[Price 2Sp} 



Historically, it has been customary for die 
designers to design a porthole die with the 
bridges or ribs as short as possible in order to 
achieve greater strength and longer die life. 50 
The shortest bridge or rib that can be used 
extends at an angle of 90 degrees, or normal, 
to the adjacent wall of the article extruded 
through the die. Geometrical considerations 
may dictate construction of a bridge at an 55 
angle other than said 90 degrees, but this is a 
rare exception to the general practice and even 
then the die designers try to stay within 10 to 
15 degrees of 90 degrees. 

It has now been discovered that an im- 
proved extruded hollow article, made from a 
solid metal billet using a porthole die, is ob- 
tained if the streams of metal being forced 
through the feederhole plate are rejoined into 
a weld zone that extends through the wall of 
the article along a plane that e;ctends from 
about 10 to 70 degrees from a line extending 
normal to the wall of the extruded article at 
the weld zone. 

In accordance with the present invention 
there is provided a method of making a hollow 
article from a metal billet using a porthole ex- 
trusion die which process comprises feeding a 
metal billet under pressure through a feeder- 
hole plate having at least two feederholes 
therethrough the feederholes being separated 
by bridges and causing the metal flowing, 
around said bridges to rejoin in a weld, at 
least one of the welds extending, along a plane oa 
that extends through the wall of the article at ■ 
an angle of from 10 to 70 degrees to a line ex- 
tending normal to the wall of the article at Ae 
v/eld. 

In accordance with another aspect of the 35 
mvention there is provided an apparatus for 
extrudmg a hollow article from a metal billet 
which comprises: 

(1) a die plate having a die opemng and 

(2) a complementary feederhole plate carry- 90 
mg a mandrel adapted to extend into the die 
opening when the die plate and the feeder- 
Hole plate are m operative relationship in an 
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extrusion press, the perimeter of the said 
mandrel and the perimeter of the die opening 
being therein spaced apart to define the walls 
of a hollow metal article extruded through the 

5 die, said feederhole plate and mandrel being 
formed of a single piece of metal; said feeder- 
hole plate having feederholes extending trans- 
versely therethrough in an array around the 
mandrel the feederholes being separated by 

10 bridges, at least one of the trailing edges of 
said bridges extending at an angle of between 
10 and 70 degrees to a line extending normal 
to the perimeter of the die opening at that 
point. 

15 Preferably, the angle of the weld zone is 
about 20 to 50 degrees from the normal 
direction. 

Almost all of the commercially extrudable 
metals may be extruded according to the pre- 
20 sent method to provide the present improved 
article. The method is particularly applicable 
to alloys which contain at least 2% by weight 
of alloying addition. The method is also par- 
ticularly applicable to alloys of magnesium or 
25 aluminium containing at least 70% by weight 
of die base metal. 

The method and apparatus of the invention 
will be more fully understood on reading the 
following description together with the draw- 
30 ings in which: 

Fig. 1 is a view in fronT~devation of a 
feederhole plate portion of a composite port- 
hole or spider die according to the invention, 
the side exposed being that side which carries 
35 the mandrel and faces away from the billet 
being forced therethrough; 

Fig. 2 is a view in front elevation of a die 
plate that is complementary to the feederhole 
plate of Fig. 1 and togetfier with said feeder- 
40 hole plate, forms, in combination, a porthole 
or feederhole die. The side exposed in Fig. 2 
is the side that faces towardj and contacts, the 
feederhole plate; 

Fig. 3 is a view in vertical section taken 
45 along line 3 — 3 of Fig. 1 showing some of the 
details of construction of the feederhole plate, 
especially the inclined bridges between the 
feederholes; 

Fig. 4 is an end view of an extrusion pro- 
50 duced using the composite die of Figs. 1 — 3, 
showing the weld zones that appear on polish- 
ing and etching the visible edges of the ex- 
truded article; 

Fig, 5 is an enlarged fragmentary portion 
55 of the view in Fig. 1 taken from the area 
generally indicated by the letter A in Fig. 1 ; 
and 

Fig. 6 is a view in front elevation of a 
feederhole plate for the extrusion of a round 
60 tube, according to the invention, with the cor- 
responding die opening in the complemaitary 
die plate shown in dotted oudine around llie 
mandrel. 

The feederhole plate 10 shown in Fig. 1, 
65 as viewed from the die-plate side whidi is 



away from the billet side, is designed to be 
used in conjunction with the die plate 11 of 
Fig. 2. The die plate 11 is here viewed from 
the feederhole plate side. The die plate 11 is 
a large disc-shaped piece of tool steel having 70 
a centrally formed die opening 12 surrounded 
by an array of bevelled-out areas 13 that slope 
inwardly from the face 14 of the die plate to 
the perimeter 15 of the die opening. The 
bevelled-out areas 13 are separated by pads 75 
16 which have surfaces on the same plane as 
the face 14 of the die plate. The pads 16 con- 
stitute the metal remaining after the bevelled- 
out areas 13 are formed out of the die plate 
by a selective grinding operation. 

Referring now both to Figs. 1 and 3, the 
feederhole plate 10 is formed of a single disc- 
shaped piece of metal having a centrally dis- 
posed mandrel 19 formed of said single piece 
of metal and projecting outwardly from the 85 
die plate side 17 thereof. The mandrel 19 is 
designed to project, barely, into the die open- 
ing 12 of the die plate 11 when the two plates 
are mounted in operative relationship. The 
mandrel 19 is positioned so that the spacing 90 
between the perimeter 20 of the mandrel and 
the perimeter 15 of the die opening, the rela- 
tive position of the latter being shown in dot- 
ted outiinc in Fig. 1, dictates the shape, in 
section, assumed by extrusions formed in the 95 
composite extrusion die. In the die shown, a 
shape 21 is obtained as illustrated in Fig. 4. 

Referring again to Figs. 1 and 3, the man- 
drel 19, which is supported by the feederhole 
plate 10, is surrounded by a series of feeder- 100 
holes 22 that admit metal under pressure from 
the billet end IS of the plate 10. The feeder- 
holes 22 are separated by bridges 23 that con- 
sist of the metal remaining after fornung the 
feederholes transversely through the feederhole 105 
plate 10. In the feederhole plate shown, each 
of the feederholes 22 is inclined away from a 
line normal to the adjacent edge of the man- 
drel 19, and the bridges 23 therebetween are 
similarly inclined. It is to be understood that 110 
that which is inclined with respect to the ad- 
jacent edge of the mandrel 19 is inherendy in- 
clined in the same manner with respect to the 
wall of a shape formed by extrusion through 
such a die. As is seen in Fig. 3, the trailing 115 
edges 24 of bridges 23 are generally inclined 
in substantially the same plane as the bridges 
themselves, and it is really the disposition of 
these trailing edges which is determinative of 
the angle of the weld obtained. The plane, 120 
along which the inclined trailing edges 24 ex- 
tend, forms an angle in the range of about 10 
to 70 degrees with a line extending normal to 
the perimeter of the mandrel 19 adjacent the 
said trailing edge 24, and more preferably, 125 
sudh angle is in the range of about 20 to 50 
degrees. 

If desired, in any given porthole die where 
other reasons may dictate die preparation of 
an extruded shape wi± mainly conventionally 130 
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transversely extending weld 2ones> improve- 
ment according to the present invention is ob- 
tained weld by weld, wherein the apparatus is 
made with an inclined bridge so as to form at 

5 least one slanted weld in the finished extrusion. 
Ordinarily it would be highly desirable to 
make each weld zone a slzmted wdd by the 
employment of inclined bridges and feeder- 
holes throughout the feedcrhole plate. 

10 The method of the invention is not entirely 
understood, but it is believed that the use of 
the inclined feederholes and bridges in the 
apparatus of the present invention results in 
greater slippage and/or working between the 

15 conjoining streams of metal flowing around 
either side of each bridge, resulting in weld 
zones that exhibit considerably improved elon- 
gation and strength properties. The metal flow 
will be better understood with reference to the 
illustrative view of Fig. 5 in which there is 
shown an enlarged fragmentary portion of Fig. 
1 taken from the area in Fig. 1 indicated 
generally by the letter A, and further, showing 
- expected metal flow through the space between 
the perimeter 20 of the mandrel 19 and the 
perimeter 15 of the die opening 12. Lightly 
drawn looping lines K, L and M designate the 
coordinate approach of iheoreticaJly pre- 
selected and identified metal portions at suc- 
cessive time intervals, the metal meeting along 
line Q — Q immediately adjacent to and 
aligned witii the trailing edge 24 of a bridge 
that is not visible in this view, the bridge be- 

35 ing covered by tiie metal. Because of the slant 
of the trailing edge of the bridge, the metal 
streams meeting at Q— Q apparentiy undergo 
some differential movement along Q — Q as. 
indicated by the arrows, resulting in a substan- 

^ tial improvement iii the quality of weld 
obtained. 

The slanted welds obtained according to the 
invention show very little formation of coarse 
grain structure, are very narrow, and do not 

45 show much difference on micrographic ex- 
amination, from the unwelded material sur- 
rounding the weld and thus a quasi-seanlless 
hollow shape is obtained. 

The principle of the present invention is as 

50 applicable to the production of hollow-shaped 
articles of round or oval section as to other 
geometrical configurations and tiie desired 
angle of wdd is to be imderstood in such cases 
to be measured with reference to a tangential 

55 line drawn to the curved surface and contact- 
ing tJie surface at the location of the weld. 
For the purpose of the present description and 
the appended claims^ a line or plane normal 
to sudh tangential line is normal to the wall of 

60 the article. 

A suitable feederhole plate 25 for a com- 



posite die constructed according to the inven- 
tion for the extirusion of a cylindrical tube is 
shown in Fig. 6, the perimeter 26 of the com- 
plementary die opening in the corresponding 65 
die plate (not shown) being depicted in dotted 
outline around the mandrel 27. The feeder- 
holes 28 are separated laterally by bridges 29 
that are ground or otherwise shaped to pro- 
vide trailkig edges 39 that are respectively in- . 70 
clined at an angle of about 45 degrees to th& 
respective tangential lines where the trailing 
edges 30 " cut " the circles of die opening 26 
and mandrel 27. Each of the trailing edges 30 
is disposed at a different angle than the bridge 75 
29 from which it depends. 

Example 

As an example of the beneficial use of the - 
slant bridge design of the present invention, ; 
an extrusion die similar to the one shown in 80 
Figs. 1 — 3 was employed to make a hollow 
extruded article like that shown in Fig. 4, ex- • 
cept that all the feederholes and bridges were 
conventionally positioned with respect to the 
edge of the mandrel except the bridge and ad- . 85 
jacent feederholes giving rise to the weld iden- 
tified by the letter A in Fig. 4. The rest of the 
feederholes and bridges extended substantially 
normal to the immediately adjacent perimeter 
of the mandrel and thus were perpendicularly ^0 
transverse to the wall of the extruded shape 
itself. An extrusion was carried out witii such 
experimental apparams using solid billets of 
aluminum alloy. Billets 16 indies (40.6 cm.) in 
diameter and 40 inches (102 cm.) long were ^ 95 
preheated to a temperature of 860«>F. (460°C.) \ 
and placed in the container of the press and. . 
extruded at a rate of 10 feet (3.05 meters) per 
minute while the container was at a tempera- 
ture of 850^F (454^C.). The extrude was 100 
cooled by an air quench as it emerged from 
the die, stretched, natural aged, and artificially 
aged in two steps by heating at 195°F 
(90.6^C.) for 8 hours and then at 300^F. 
(149°C.) for 8 hours. Sections were then cut ,105 
from the extrusion and test bars were cut from 
the sections that included, respectively, the 
slanted weld zone at point A, as shown in 
Fig. 4, and a directiy transverse weld zone 
shown at point B in Fig. 4. The test bars were 110 
subjected to testing to determine elongation 
and ultimate tensile strcngdi properties. The 
location of the section in the extrusion, the 
per cent elongation aiid the ultimate tensile 
strength values determined are listed in Table 115 
1. 

The test results indicate the very substantial 
improvement in elongation aiid strengdi pro- 
perties, of the weld in an extruded hollow 
article on forming the weld at an angle to the 120 
wall of tihe article. 
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TABLE I 



Section Location 


weio. ii 






weiQ x> 


Distance from nose, • 


















Feet 


(Meters) 




UTS** 


0/ 17* 


UTS** 


0 




BroKe Outsiac 




Z.D 




0.5 


(0.15) 


or Weld 




1 .3 


51,200 










^ juau ^ 


1 


(0.30) 






1 A 


c-a lAA 










2 


(0.61) 




£;T AAA 


0 A 


51,800 












3 


(0.92) 




59,800 


0 A 


51,300 








4 


(1.22) 




57,700 


0 A 


51,500 










5 


(1.53)- 




D/,oUU 

\Jx\jy\J J 


1 A 


53,900 

\pO\J\J J 








10 


(3.05) 


9.5 


D/5/UU 
^ftUOU J 




CA AA/l 








\joL\JJ 


15 


(4.58) 


y .!> 




< A 


'JA AAA 

(3860) 






(4050) 




20 


(6.11) 


9.0 


57,300 
(4040) 


5.0 


54,200 
(3820) 








25 


(7.64) 


9.5 


57,000 
(4020) 


5.0 


54,600 
(3860) 








30 


(9,15) 


6.5 


56,700 


5.0 


53,600 
(3780) 






(4000) 




35 


(10.7) 


8.5 


56,400 


5.0 


53,200 






(3980) 




(3760) 


40 


(12.2) 


9.0 


53,100 


5.0 


50,900 






(3750) 




(3580) 



*% E = Per Cent elongation in two inches (5.08 cm.) 
**UTS = Ultimate Tensile Strength in psi (kg./cm.2) 



WHAT WE CLAIM IS : — 

1. A method of making a hollow article 
from a metal billet using a porthole extrusion 

5 die which process comprises feeding a metal 
billet under pressure through a feederhole 
plate having at least two feederholes there- 
through the feederholes being separated by 
bridges and causing the metal flowing around 

10 said bridges to rejoin in a weld, at least one 
of the welds e.^ending a]<»ig a plane that ex- 
tends through the wall of the article at an 
angle of from 10 to 70 degrees to a line ex- 
tending normal to the wall of the article at the 

15 wdd. 

2. A method as claimed in claim 1 in which 
the said one weld extends along a plane that 
extends through the wall of the article at an 
angle of from 20 to 50 degrees to a line ex- 

20 tending normal to the waU of the article at 
the weld. 

3. A method as claimed in claim 1 or claim 
2 in which the metal is an alloy containing 



total alloying addition greater than 2 percent 

by weight of the base metal. 25 

4. A method as claimed in any one of 
claims 1 to 3 in which the metal is an alloy 
of magnesium or aluminium containing at least 
70 percent by weight of the base metal. 

5. A method for extruding a hollow metal 30 
article substantially as hereinbefore described 

in the Example. 

6. An apparatus for extruding a hollow 
article from a metal billet which comprises: 

(1) a die plate having a die opening and 35 

(2) a complementary feederhole plate carry- 
ing a mandrel adapted to extend into the die 
opening when the die plate and the feederhole 
plate are in operative relationship in an extru- 
sion press, the perimeter of the said mandrel 40 
and the perimeter of the die opening being 
therein q)aced apart to define the walls of a 
hollow metal article extruded through the die, 
said feederhole plate and man(h:el being 
formed of a single piece of metal; said feeder- 45 
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hole plate having feederholes extending trans- 
versely therethrough in an array around the 
mandrel, die feederholes bdng separated by 
bridges, at least one of the trailing edges of 
5 said bridges extending at - an angle of between 
10 and 70 degrees to a line extending normal 
to the perimeter of the die opening at that 
point. 

7. An apparatus as claimed in claim 6 in 
10 which at least one of the said trailing edges ex- 
tends at an angle of between 20 and 50 de- 
grees with respect to a line extending normal 
to the perimeter of the die opening at that 
point. 

15 8. An apparatus as claimed in claim 6 or 
claim 7 in which the trailing edges of said 



bridges are disposed at said angle between ,10 
and 70 degrees and the bridges are disposed 
at a substantially different angle. 

9. An apparatus for extruding a hollow 20 
metal article substantially as hereinbefore de- 
scribed with reference to and as illustrated in 

the accompanying drawings. 

10. Hollow metal articles whenever pre- 
pared by a method as claimed in any one of 25 
claims 1 to 5. 

BOULT, WADE & TENNANT, 
111 & 112 Hatton Gard^, 
London, E.C.I. 
, Chartered Patent Agents, 

Agents for the Applicants. 
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